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Background/Purpose: Measures to prevent the development of muscle mass decline should be initiated
from midlife. However, the impact of physical activity at midlife on muscle mass in old age remains
uncertain. The aim of this cross-sectional study was to determine whether physical activity at midlife
inﬂuences muscle mass and physical performance in old age.
Methods: A total of 272 Japanese women aged 65 years and older were enrolled in the study. Information
about physical activity levels at midlife and in old age were collected using a retrospective questionnaire.
We calculated the skeletal muscle mass index in old age and recorded the participants’ walking speed
and hand grip strength in old age. We then classiﬁed the participants into four groups according to their
physical activity levels at midlife and in old age and conducted multiple linear regression analysis to
determine whether the physical activity levels at midlife and in old age were associated with skeletal
muscle mass index and physical performance in old age.
Results: The participants in the groups that were physically inactive at midlife had a signiﬁcantly lower
skeletal muscle mass index in old age than those who were physically active at midlife (p < 0.01).
Participants in the groups that were physically inactive in old age also had signiﬁcantly slower walking
speeds at old age than those who were physically active (p < 0.01). These associations remained sig-
niﬁcant after adjustment for age and body mass index.
Conclusion: Physical activity at midlife may be associated with a higher muscle mass in old age and
physical activity in old age may be associated with higher walking speeds in old age.
Copyright  2013, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC.  Open access under CC BY-NC-ND license.1. Introduction
Muscle mass declines at approximately 1e2% per year after the
age of 50 years.1 Longitudinal studies have shown a clear decline in
muscle mass, strength, and power beginning at approximately 35
years of age.2 The age-related loss of skeletal muscle mass induces
an increased risk of falls and fractures, physical disability, mobilityTherapy, Human Health Sci-
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linical Gerontology & Geriatrics. Pdisorders, and mortality.3,4 To promote healthy aging, it is therefore
important to develop ways of preventing muscle mass decline.
The beneﬁcial effect of physical activity in preventing adverse
health outcomes is widely endorsed. There is growing evidence
that older adults who engage in physical activity are more likely to
experience better physical function and have a longer active life
expectancy than sedentary older adults.5e7 Physical activity also
has a positive impact on preventing muscle mass decline.8 Physical
activity is one of the most important modiﬁable factors associated
with the risk of chronic morbidity and high mortality in the general
population.
Recent studies have shown an association between physical
activity at midlife and functional and health status in old age. The
level of physical activity at midlife was related to better physicalublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
Fig. 1. Classiﬁcation of participants in the four groups according to the midlife and old
age physical activity levels: (Group I ¼ physically inactive at both midlife and old age;
Group II ¼ physically active at midlife, but not at old age; Group III ¼ physically inactive
at midlife, but active at old age; Group IV ¼ physically active at both midlife and old
age).
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studies have also investigated the effects of midlife physical activity
on different components of mobility13e15 and the risk of institu-
tionalization.16 The beneﬁts of physical activity at midlife appear to
result from the maintenance of muscle strength,13 cognitive func-
tion,17 and other functions in old age. Furthermore, muscle mass in
old age also appears to beneﬁt from physical activity at midlife.
Although it is important to prevent the development of muscle
mass decline in old age and midlife, the effect of physical activity at
midlife on muscle mass in old age remains uncertain.
The aim of this cross-sectional observational study was to
determine whether physical activity at midlife was associated with
musclemass and physical performance in old age.We hypothesized
that physical activity at midlife might prevent the decrease in
muscle mass in old age.
2. Methods
2.1. Participants
Participants were recruited through a local press release
requesting healthy community-dwelling volunteers. A total of 272
Japanese women aged 65 years and older (mean  SD age
73.6  5.5 years) living in the city of Kyoto enrolled in the study.
Participants were interviewed and excluded if they met any of the
following criteria: severe cognitive impairment; severe cardiac,
pulmonary, or musculoskeletal disorders; and comorbidities asso-
ciated with a greater risk of falls, such as Parkinson’s disease and
stroke. Written informed consent was obtained from each partici-
pant in accordance with the guidelines approved by the Kyoto
University Graduate School of Medicine.
2.2. Assessment of physical activity
A questionnaire13 was used to collect retrospective information
about physical activity levels during midlife and old age. In the
present study, we deﬁnedmidlife as the period between the ages of
40 and 65 years. The questions were: ‘How much physical activity
did you have during midlife?’ and ‘How much physical activity do
you have these days?’ Similar to the approach used in the previous
study, there were three response categories: no regular physical
activity (0); regular physical activity (1); and regular sports (2).
Regular physical activity/sports were deﬁned based on a previous
study18 as activities/sports engaged in at a frequency of more than
once a week. We deﬁned light walking or moderate exercise
(equivalent to less than approximately 4.0 metabolic equivalents)
as physical activity and moderate or vigorous physical activities
(equivalent to more than approximately 4.0 metabolic equivalents)
as sports; these deﬁnitions were based on the International Phys-
ical Activity Questionnaire.19 For each of the midlife and old age
physical activity levels, Category 0 was deﬁned as ‘inactive’ and
Categories 1 and 2 (combined) were deﬁned as ‘active’ in the
analyses.
2.3. Skeletal muscle mass index
A bioelectrical impedance data acquisition system (Inbody 430;
Biospace Co. Ltd, Seoul, Korea) was used to perform bioelectrical
impedance analysis.20 This system also uses an electrical current at
multiple frequencies (5, 50, 250, 500, and 1000 kHz) to directly
measure the amount of extracellular and intracellular water. The
participants stood on twometallic electrodes and heldmetallic grip
electrodes. Using segmental body composition, muscle mass was
determined and used for further analysis. The skeletal muscle mass
index (SMI) was calculated by dividing the muscle mass by heightsquared in meters (kg/m2). This index has been used in several
epidemiological studies.4
2.4. Measurements of physical performance
The following twomeasurements for the assessment of mobility
and physical strength were made for each participant in the pres-
ence of experienced physiotherapists: (1) 10 m or 4 m walking
test21; and (2) the hand grip strength (HGS) test.22
In the walking test, participants were asked to walk 10 m or 4 m
at their normal walking speed. Walking timewas calculated using a
stopwatch to record the time taken to cover the central 10 m or 4 m
of the walkway (2 m at the start and ﬁnish were used for acceler-
ation and deceleration). Using the better walking time of two trials,
the participants’ walking speed (m/s) was calculated to obtain
values for analyses.
In the HGS test, participants used a hand-held dynamometer
with the arm held to the side of the body. The participants squeezed
the dynamometer with maximum isometric effort. No other body
movement was allowed. The HGS score was deﬁned as the better
performance of two trials.
2.5. Assessment of sarcopenia
For the present study we adopted the criteria of the European
Working Group on Sarcopenia in Older People (EWGSOP).23 The
EWGSOP recommended deﬁning sarcopenia as the presence of
both lowmuscle function (slow walking speed equal to or less than
0.8 m/s; or low HGS equal to or less than 20 kg) and low muscle
mass. For assessing low appendicular muscle mass, we divided the
SMIs of the participants into quartiles and deﬁned the ﬁrst quartile
as the cutoff for low appendicular muscle mass (SMI 5.55 kg/m2).
2.6. Statistical analysis
Before analysis, we classiﬁed the participants into four groups
according to physical activity levels in midlife and old age: Group I,
physically inactive at both midlife and old age; Group II, physically
active at midlife, but not at old age; Group III, physically inactive at
midlife, but active at old age; and Group IV, physically active at both
midlife and old age (Fig. 1).
Differences in the demographic variables among the four groups
were examined using analysis of variance (ANOVA). When a sig-
niﬁcant effect was found, differences were determined with the
TukeyeKramer’s post-hoc test. In addition, we entered four
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models with independent variables; unadjusted and adjusted
multiple linear regression analysis were conducted to determine
whether physical activity levels in midlife and old age were asso-
ciated with SMI and physical performance in old age. In the
adjusted analyses, age and body mass index were entered as con-
trol variables.
Statistical analyses were carried out using the SPSS version
20.0 software package (SPSS, Chicago, IL, USA), with p < 0.05
accepted as signiﬁcant.
3. Results
Table 1 shows the characteristics of the study population. The
number (%) of participants in Groups I, II, III, and IVwas 57 (21.0), 25
(9.2), 84 (30.9), and 106 (38.9), respectively. Participants in Group
IV (SMI 6.35  0.87 kg/m2, walking speed 1.41  0.26 m/s) (phys-
ically active at both midlife and old age) had signiﬁcantly higher
SMIs than those in Groups I (5.85  0.92 kg/m2, p < 0.01) and III
(6.00  1.08 kg/m2, p < 0.05) (physically inactive at midlife) and
faster walking speeds than those in Groups I (1.30  0.25 m/s,
p< 0.05) and II (1.27 0.27m/s, p< 0.05) (physically inactive at old
age) (Table 1). There was no other signiﬁcant difference among the
four groups. A total of 38 (14.0%) participants had sarcopenia: 10 of
57 (17.5%), 3 of 25 (12.0%), 16 of 84 (16.7%), and 9 of 106 (8.5%)
participants in Groups I, II, III, and IV, respectively.
In the unadjustedmultiple linear regression analysis with Group
IV as the reference, older adults within Groups I and III showed a
signiﬁcantly lower SMI (p< 0.01) and older adults in Groups I and II
showed a signiﬁcantly slower walking speed (p < 0.01) (Table 2).
Thus participants who were physically inactive at midlife (Groups I
and III) had a signiﬁcantly lower SMI and participants who were
physically inactive in old age (Groups I and II) had a signiﬁcantly
slowerwalking speed. These associations remained signiﬁcant after
adjustment for age and body mass index (p < 0.05) (Table 2).
However, no group showed signiﬁcant associations with HGS in the
unadjusted and adjusted analysis.
4. Discussion
This is the ﬁrst cross-sectional study to attempt to clarify the
relationship between physical activity levels at midlife and skeletal
muscle mass in old age. This study showed that older adults who
were physically active at midlife might have a higher skeletal
muscle mass in old age than those that were not physically active atTable 1
Demographic differences according to physical activity levels at midlife and old age.
Total (n ¼ 272)
Group I (n ¼ 57) Group
Age (y), mean  SD 73.6  5.5 74.1  6.2 75.0
Height (cm), mean  SD 151.2  5.4 151.1  5.2 153.9
Weight (kg), mean  SD 49.7  7.5 48.8  6.9 51.7
BMI (kg/m2), mean  SD 21.7  2.9 21.4  2.7 21.7
SMI (kg/m2), mean  SD 6.11  0.92 5.85  0.92 6.14
Walking speed (m/s), mean  SD 1.35  0.25 1.30  0.25 1.27
HGS (kg), mean  SD 22.1  6.7 21.3  3.5 21.4
Sarcopenia, n (%) 38 (14.0) 10 (17.5) 3 (12.0
Group I ¼ physically inactive at both midlife and old age; Group II ¼ physically active at m
age; Group IV ¼ physically active at both midlife and old age; BMI ¼ body mass index;
*Signiﬁcant difference between Group IV and Group I (p < 0.01).
**Signiﬁcant difference between Group IV and Group III (p < 0.05).
ySigniﬁcant difference between Group IV and Group I (p < 0.05).
zSigniﬁcant difference between Group IV and Group II (p < 0.05).midlife. A previous study reported that the rate of lean mass loss
was about three times less than the rate of decline in leg strength.24
Our results for the relationship between physical activity at midlife
and skeletal muscle mass appear to be consistent with the previous
study. In addition, the previous study reported that the exercise-
induced increase in muscle mass was typically less than that ex-
pected for the concomitant increase in strength.25 Therefore
physical activity at midlife may be important and beneﬁcial for
preventing muscle mass decline in old age.
Muscle mass is controlled by catabolic and anabolic factors. A
previous cohort study showed that regular physical activity was
associated with low levels of catabolic markers such as interleukin-
6.26 In addition to its effects on catabolic factors, an increase in
physical activity was associated with a high level of insulin-like
growth factor-1, one of the most important factors linked to
intensifying muscle mass in premenopausal women.27 These re-
sults suggest that continuous regular physical activity prevents
catabolic effects and promotes anabolic effects. However, there are
no longitudinal reports that have reported an association between
these factors and muscle mass frommidlife to old age. On the basis
of our preliminary results regarding the relationship between
physical activity at midlife and skeletal muscle mass, further
studies are required to conﬁrm the beneﬁts of physical activity from
midlife for the prevention of muscle mass decline.
Our study also showed that adults physically active in old age
might have a faster walking speed than those who were not
physically active in old age. In addition, physical activity at midlife
and in old age was not associated with grip strength in old age.
Hughes et al28 reported longitudinal changes in muscle mass,
physical activity, and muscle strength and found that muscle mass
decline explained only 5% of the decline in strength. Further, the
changes in strength were no different between people of middle
and old age who reported taking regular exercise in the past
compared with those who had not exercised regularly in the past.
These are the reasons why the relationship between physical ac-
tivity and physical performance has different trends from that be-
tween physical activity and skeletal muscle mass. Furthermore, we
observed signiﬁcantly lower SMIs in Group III participants and
slower walking speeds in Group II participants compared with
Group IV, although there was no difference in muscle mass and
physical performance between Groups II and III. These results seem
to indicate that physical activity at midlife and old age may affect
skeletal muscle mass and physical performance in old age. How-
ever, a previous longitudinal prospective study of the association
between physical activity at midlife and walking speed29 reportedPhysical activity levels at midlife and old age
II (n ¼ 25) Group III (n ¼ 84) Group IV (n ¼ 106) p Post-hoc
 5.2 74.0  5.5 72.7  4.9 0.146 d
 5.4 150.9  4.8 150.7  5.9 0.088 d
 8.4 49.5  7.6 49.9  7.3 0.459 d
 2.8 21.7  3.0 22.0  2.8 0.653 d
 0.82 6.00  1.08 6.35  0.87 0.004 *,**
 0.27 1.34  0.23 1.41  0.26 0.010 y,z
 7.5 22.2  10.2 22.5  6.8 0.672 d
) 16 (16.7) 9 (8.5)
idlife, but not at old age; Group III ¼ physically inactive at midlife, but active at old
HGS ¼ hand grip strength; SMI ¼ skeletal muscle mass index.
Table 2
Association of physical activity status with skeletal muscle index and physical performance in old age.
Dependent
variable
Unadjusted model Adjusted model
b 95% CI Adjusted
R2 value
b 95% CI Adjusted
R2 value
SMI 0.05 0.35
Group I 0.22 0.80 to 0.21** 0.16 0.61 to 0.11**
Group II 0.06 0.62 to 0.21 0.03 0.48 to 0.24
Group III 0.18 0.61 to 0.09** 0.15 0.50 to 0.07**
Group IV Reference Reference
Walking speed 0.05 0.17
Group I 0.18 0.19 to 0.03** 0.17 0.19 to 0.03**
Group II 0.18 0.28 to 0.05** 0.14 0.24 to 0.02*
Group III 0.12 0.14 to 0.01 0.09 0.12 to 0.02
Group IV Reference Reference
HGS 0.01 0.07
Group I 0.08 3.47 to 0.93 0.06 3.16 to 1.30
Group II 0.06 4.51 to 1.66 0.03 3.93 to 2.30
Group III 0.02 2.23 to 1.69 0.01 1.84 to 2.05
Group IV Reference Reference
Note: In the adjusted analysis, age and BMI were entered as control variables. Group I ¼ physically inactive at both midlife and old age; Group II ¼ physically active at midlife,
but not at old age; Group III ¼ physically inactive at midlife, but active at old age; Group IV ¼ physically active at both midlife and old age; b¼ standard regression coefﬁcient;
CI ¼ conﬁdence interval; HGS ¼ hand grip strength; SMI ¼ skeletal muscle mass index.
*p < 0.05.
**p < 0.01.
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part be because: (1) our assessment of physical activity was
retrospective; (2) our questionnaire was not a particularly detailed
assessment of physical activity as it did not contain items
addressing the continuance and intensity of physical activity; and
(3) the present study was cross-sectional. These may be the main
reasons why our results differ from previous studies. In future
studies, details regarding the level of physical activity at midlife and
in old age must be collected to better understand how physical
activity at midlife affects physical performance.
Many research groups have recently deﬁned sarcopenia as the
coexistence of low muscle mass and low physical perfor-
mance.23,30,31 The evidence-based clinical effect of physical activity
on the prevention of sarcopenia has also been reported from
multiple points of view.8 The present study showed the relation-
ship between physical activity at midlife and skeletal muscle mass
as well as between physical activity in old age and physical per-
formance, and suggested that continued physical activity from
midlife to old age might be one of the important factors for the
prevention of sarcopenia in old age. The beneﬁts of constant
physical activity for various health improvements are well known.
Additional studies are required to determine the beneﬁts of phys-
ical activity over the life course, not only in terms of various health
improvements, but also for the prevention of sarcopenia.
There were several limitations to the present study. Firstly, this
study was cross-sectional and we included no information on the
effect of continuous regular physical activity frommidlife to old age
in the questionnaire. A longitudinal prospective study is therefore
needed to conﬁrm these results and extend the present study.
Secondly, our assessment of physical activity at midlife and old age
was conducted using a very simple questionnaire and was based on
the participants’ ability to recall information. Thirdly, the ﬁndings
in the present study should be considered as preliminary due to the
relatively small sample size, which may introduce some error of
inference, reduce the power of the analysis, and limit generaliza-
tion. Finally, we did not collect any information about comorbidity
or current treatment with drugs for our participants.In conclusion, the results of our study suggest that physical ac-
tivity at midlife may be associated with highmuscle mass in old age
and that physical activity in old age may be associated with a fast
walking speed in old age. The present study seems to be a funda-
mental study to determine the beneﬁts of physical activity over the
life course for the prevention of sarcopenia.
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